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BLOOD FLOW MEASURING APPARATUS 



BACKGROUND OF THE INVENTION 
"ir6*^ Field of the Invention 

5 fyJf^ The present invention relates to an eye fundus 

blood flow meter for measuring the blood flow velocity 
etc. in the blood vessels of the fundus. 
Related Backf^undus Art 

There is already known a laser Doppler blood flpw 
10 me€er capable of tracking the vessel of the fundu^of 

the eye to be examined and measuring the absolute blood 
flow velocity of the tracked vessel, andyfchere is 
disclosed, for example in the Japanese/patent Laid-Open 
Application No. 7-031596, an apparatus for irradiating 
15 the vessel of the eye fundus wi£h a tracking laser 

light and a laser light for measuring the blood flow 
velocity. In such eye fundus blood flow meter, a 
reflected light, based Oh the laser light irradiating 
the eye fundus vessel/for measuring the blood flow 
20 velocity and involving a Doppler shift caused by the 
blood cells flowing in the vessel, is received by a 
photomultipli^r and the blood flow velocity is 
determined ^rom the Doppler shift. 

In su'ch conventional apparatus, however, since the 
25 amount of the reflected ligh* involving the Doppler 

shift varies signif icant*y for example according to the 
position of the blood-vessel on the eye fundus, the 
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gain of the photomultipliejp/constituting the 
photosensor has to be ^dTjusted frequently, each time 
the blood vessel to/be measured is changed or the 
entering path of /the measuring light is changed. For 
5 this reason, the eye to be examined is given an 

excessive ^ifiount of light by the operations of the 
examiner, 

tjO^tA Also in the gain adjustment of tl 
photomultiplier, the gain is adjus^4d to maximum 
10 immediately before the start o^the tracking operation 
since the received amount of light is very weak in this 
state, and, when the tracking operation is started, a 
large amount of light ^enters the photomultiplier at 
such maximum gain, do that the deterioration of the 
15 photosensor is accelerated . 

^^T^ In the field of ophthalmic inspecting appar^us 
for tracking the movement of the blood vessels on the 
fundus of the eye to be examined, there axe already 
known, for example, an apparatus f or/ef f ecting two- 
20 dimensional tracking by detecting^ the vessel movement 
in two locations as disclosed/in the Japanese Patent 
Laid-Open Application No . /63-288133 , and an apparatus 
for effecting one-dimensional tracking by detecting, in 
one location, the movement perpendicular to the 
25 direction of the fettood vessel, as disclosed in the 
Japanese Patent/ Laid-Open Application No. 6-503733. 
In such ophthalmic inspecting apparatus, a 
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one-dimensional CCD is employed as the photosensor 
means for receiving the tracking light reflected on the 
eye fundus, and the tracking operation is achieved by 
calculating the amount of deviation between the 
5 tracking center position and the image position of the 
blood vessel by processing a signal indicating the 
blood vessel image. In such operation, in order to 
optimize the level of the blood vessel image signal, 
the gain of an amplifier is electrically regulated 

10 either manually or automatically, or the gain of an 
image intensifier positioned in front of the one- 
dimensional CCD is regulated in a similar manner to 
adjust the amount of light entering the one- dimensional 
CCD, in such a manner that the output signal level 

15 thereof lies within a predetermined range. 

There is furthermore proposed an apparatus capable 
of tracking a moving object, by detecting the position 
thereof relative to a one-dimensional CCD and executing 
continuous feedback of the obtained position signal to 

20 image taking direction varying means which varies the 
image taking direction. 

However tracking in the ab^ve -mentioned 

conventional configurations, inve&ving manual 
regulation of the gain of the/amplifier for the one- 

25 dimensional CCD prior to ttafe tracking operation or of 
the gain of the image irycensifier for adjusting the 
light amount entering/the one-dimensional CCD, is 
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contrast, if the latte^ approaches to the center of 
tracking for example/by the fine movement of the 
eyeball, the tracking may shift to the large vessel of 
the high contras 

Furthermore, in the apparatus capable of tracking 
a moving object, there has not been disclosed a signal 
processing method for extracting the position of the 
vessel . 



10 SUMMARY OF THE INVENTION 

^°^^ In consideration of the foregoing, a first object 
of the present invention is to provide an eye fundus 
blood flow meter which doj^s not irradiate the eye 
fundus for an excessively long time, thereby reducing 
15 the burden to the eVe to be examined. 

A second object of the present invention is to 
provide an eye fundus blood flow meter which does not 
irradiate the photosensor means for an excessively long 
time, thereby enabling efficient use of the photosensor 
20 means for a prolonged period. 

~ >V *^^\ A third object of the present invention is to 

provide an ophthalmic apparatus riot associated with the 
aforementioned drawbacks and capable of promptly and 
automatically regulating the gain of image taking 
25 means, thereby achieving measurement with a minimum 
light irradiation. 

A fourth object of the present invention is to 
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provide an ophthalmic inspecting apparatus not 
associated with the aforementioned drawbacks and 
capable of exact and stable tracking operation for a 
desired eye fundus blood vessel. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the configuration of an 
O embodiment of the present invention; 

Fig. 2 is a view showing the configuration of a 



hi 10 system control unit in the present invention; 
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Figs. 3 and 4 are timing charts showing an optimum 
gain setting operation of the present invention; 

Fig. 5 is a perspective view of an embodiment of 
the present invention; 
15 Fig. 6 is a view showing the configuration of a 

measuring head of the present invention; 

Fig- 7 is a view showing the arrangement of light 
beams on the pupil, in the present invention; 

Fig. 8 is a schematic view showing an eye fundus 
20 image in the present invention; 

Fig. 9 is a schematic view showing a rotation of 
an indicator according to the present invention; 

Fig. 10 is a chart showing the signal of the one- 
dimensional CCD prior to the gain control, in the 
25 present invention; 

Fig. 11 is a schematic view showing a movement of 
the indicator in the present invention; 



Fig. 12 is a flow chart showing the control 
sequence of the system control unit of the present 
invention; 

Fig. 13 is a chart showing the signal of the one- 
dimensional CCD after to the gain control, in the 
present invention ; 

Fig. 14 is a view showing the configuration of 
another embodiment ; 

Fig. 15 is a view showing the configuration of a 
block circuit in the system control unit; 

Fig. 16 is a schematic view showing the 
arrangement of optical beams on an pupil Ep; 

Fig. 17 is a schematic view showing the image of 
an observed eye fundus; 

Figs. 18A, 18B, 18C, 18D, 18E, 18F, 18G, 18H and 
181 are timing charts showing a tracking signal; 

Fig, 19 is a schematic view showing the image of 
an observed eye fundus; 

Figs. 20A, 20B, 20C, 20D, 20E, 20F, 20G, 20H and 
201 are timing charts showing a tracking signal; 

Fig. 21 is a flow chart; 

Figs. 22A, 22B, 22C, 22D, 22E, 22F, 22G, 22H and 
221 and Figs. 23A, 23B, 23C, 23D, 23E, 23F, 23G, 23H, 
231 and 23 J are timing charts showing a tracking 
signal; 

Fig. 24 is a flow chart; 

Fig. 25 is a view showing another embodiment; 
Fig. 26 is an elevation view of a tracking index; 
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and 

Fig. 27 is a schematic view showing the image of 
an observed eye fundus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5^^H^t first there will be explained anyeiye fundus 
blood flow meter comprising irradiation means for 
irradiating a blood vessel on the >^ye fundus with a 
laser light, photosensor means /or receiving the laser 
light reflected by the eye fundus, and calculation 
means for starting a calculation for the optimum gain 
of the photosensor meajtfs in synchronization with the 
start of irradiation/by the irradiation means. 
^^r^Fig. 1 shows the configuration of an eye^fundus 
blood flow meter constituting an embodiment of the 
present invention, in which, on an illumination optical 
path from an observation light source 1, composed for 
example of a tungsten lamp emitting white light, to an 
objective lens 2 opposed to an eye to be examined E, 
there are in succession provided a condenser lens 3, a 
field lens 4 with a bandpass filter transmitting for 
example only the yellow wavelength region, a ring slit 
5 substantially conjugate with the pupil Ep of the eye 
to be examined E/ a light shield member 6 substantially 
conjugate with/ the lens of the eye to be examined E, a 
relay lens 7, a transmissive liquid crystal plate 8 
rendered niovable along the optical path and serving as 
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a fixed index display element, a relay lenpS9 , a light 
shield member 10 conjugate with the vipdCnity of the 
cornea of the eye to be examined E/a holed mirror 11, 
and a band-pass filter 12 transmitting the light of 
yellow wavelength region anjr reflecting the light of 
other wavelength regions/ thereby constituting an eye 
fundus illuminating optical system. The ring slit 5 
and the light shield members 6, 10 serve to separate 
the eye fundus illuminating light and the eye fundus 
10 observing light at the front eye region of the eye to 

be examined/E, and the shape of these components is not 
critical /as long as suitable light shielding area can 
be forrjred. 

^pj^ Behind the holed mirror 11 there is provided an 
15 eye fundus observing optical system, wj*ich is provided, 
in succession in the path to the observing eye e, a 
focusing lens 13 movable along tj*e optical path, a 
relay lens 14, a scale plate J/5, an optical path 
switching mirror 16 insertable into and retractable 
20 from the optical path, aira an eyepiece lens 17. In an 
optical path in the direction of reflection of the 
optical path switching mirror 16 when it is inserted 
into the optical cfath, there are provided a television 
relay lens 18 apfd a CCD camera 19 of which output is 
25 supplied to a/liquid crystal monitor 20. 

Also in an optical pat^f in the direction of 
reflection of the band-p^/s filter 12 there are 
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provided an image rotator 21 and a galvanorp6tric mirror 
22 polished on both faces and having Rotary axis 
perpendicular to the plane of draw^ig, and in the 
direction of reflection of the lower reflective face 
22a of the galvanometric mir>ror 22 provided is a second 
focus lens 23 movable along the optical path, while, in 
the direction of reflection of the upper reflective 
face 22b, there are/provided a lens 24 and a focusing 
unit 25. The freint focal plane of the lens 24 is 
conjugate with" the pupil Ep of the eye to be examined E 
and the galvanometric mirror 22 is positioned on such 
focal pl^he 

/ W~ \ Behind the galvanometric mirror 22 th^re are 
provided an optical path length compepsating semi- 
circular plate 26, a black spot p^te 27 having a light 
shield region in the optical p^th, and a concave mirror 
28 in concentric manner on/the optical axis, thereby 
constituting a relay optical system for guiding the 
light beam, which is/not reflected by the lower 
reflective face 22a of the galvanometric mirror 22, to 
the upper reflective face 22b thereof. 
^ > f^\ The °P t:ical P ath length compensating semicircular 
plate 25 is to compensate the/aberration, in the 
vertical direction of the/drawing, resulting from the 
thickness of the galvariometric mirror between the upper 
reflective face 22b/and the lower refliective face 22a 
thereof, and functions only in the optical path toward 
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the image rytator 21, 

In the focusing unit 25 there are provided, on the 
same optical path of the lens 24, a dichroic mirror 29 
and a condenser lens 30, and, on an optical path in the 
direction of reflection of the dichroic mirror 29 there 
are provided a mask 31 and a mirror 32* The focusing 
unit 25 is rendered integrally movable in a direction 
indicated by an arrow, along the optical path. 

^uJ^^° n an optical path at the entrance side of J/ 
condenser lens 30, there are provided a fixed nt^rror 33 
and an optical path switching mirror 34 retractable 
from the optical path, and, on an opticai path at the 
entrance side of the optical path switching mirror 34, 
there are provided a collimating l^ns 35 and a 
measuring laser diode 36 emitting coherent light such 
as of red color. Furthermore, on an optical path at 
the entrance side of the nfirror 32 there are provided a 
beam expander 37 composed for example of a cylindrical 
lens, and a tracking/light source 38 emitting light of 
a high intensity jzff a color, for example green, 
different from ychat of the other light source. 

On an optical path behind the second focusing lens 
23, there are in succession provided a dichroic mirror 
39 t a field lens 40, a magnifying lens 41 and a one- 
dimensional CCD 42 with an image intensifier, thereby 
constituting a vessel detection system. Also on an 
optical path in the direction of reflection by the 
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dichroic mirror 39, there are provided an imaging lens 
43, a confocal diaphragm 44 and paired mirrors 45a, 45b 
substantially conjugate with the pupil Ep of the eye to 
be examined E, and, in the directions of reflection by 
the paired mirrors 45a, 45b there are respectively 
provided photomultipliers 46a, 46b to constitute 
measuring light receiving optical systems. 

All the optical paths are illustrated on a same 
plane for the purpose of simplicity, but the optical 
path from the laser diode 36 to the mask 31, the 
measuring optical path at the exit side of the tracking 
light source 38 and the reflection optical paths of the 
paired mirrors 45a, 45b are in fact perpendicular to 
the plane of the drawing. 

For controlling the entire apparatus ther^ls 
provided a system control unit 47, to which/supplied 
are the outputs of the photomultipliers/46a, 46b and 
the output of input means 48 to be ojferated by the 
examiner. The output of the system control unit 47 is 
supplied to the optical path switching mirror 34 and a 
galvanometric mirror control circuit 49 for controlling 
the galvanometric mirror/22, and the galvanometric 
control circuit 49 receives the output of the one- 
dimensional CCD 42 .through a vessel position detecting 
circuit 50. Alscr the outputs of the photomultipliers 
46a, 46b are respectively supplied to optimum gain 
calculating Portions 51a, 51b of which outputs are 



1:1 



- 13 - 



supplied to the system control unit 47. 

F±g. 2 shows the internal configuration of th* 
system control unit 47, which is provided ther^n with 
a photomultiplier control portion 52 and a signal 
processing portion 53. Other components/will not be 
explained as they are not essential te5 the present 
invention. In the input means 48y / the outputs of a 
tracking start button 54 and a itfeasurement start button 
55 are supplied to the photomultiplier control portion 



□ 

hi 10 52, whose outputs are supplied respectively to the 



photomultipliers 46a, >46b through the optimum gain 
calculating portion?/ 51a, 51b. Also an output of the 
%, photomultiplier control portion 52 is supplied to the 

^ signal processing portion 53, of which outputs are 

[\i 15 supplied respectively to the photomultipliers 46a, 46b 
h» and th6 opxical gain calculating portions 51a, 51b. 

^>-^^The white light emitted from the observing light 
source 1 is transmitted by the condenser ^irens 3. Then 
the light of yellow wavelength region/only is 
20 transmitted by the field lens 4 wirth the band-pass 

filter, is further transmitted/by the ring slit 5, the 
light shield member 6 and t*ie relay lens 7, illuminates 
the transmissive liquid/crystal plate 8 from the rear 
side, is further transmitted by the relay lens 9 and 
25 the light shield member 10, and is reflected by the 
holed mirror ll/ Thus the light of the yellow 
wavelength region only is transmitted by the band-pass 
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mirror 12 and the objective lens 2 and is/focused as an 
eye fundus illuminating light beam on/£ne pupil Ep of 
the eye to be examined E, thus uniformly illuminating 
the eye fundus Ea. In this sta^te the transraissive 
liquid crystal plate 8 displays fixation target which 
is projected by the illup(inating light onto the eye 
fundus Ea of the eye «b be examined E and is presented 
thereto as a targey image. 



The light reflected by the eye fundus Ea re" 



the same optical path and is taken out, from thp^pupil 
Ep, as an eye fundus observing light beam, which is 
guided through the central hole of the hdled mirror 11, 
the focusing lens 13 and the relay lphs 14, is then 
focused as an eye fundus image Ea/ by the scale plate 
15 and reaches the optical patn switching mirror 16. 
When the optical path switching mirror 16 is retracted 
from the optical path, the observing eye e can observe 
the eye fundus imageia' through the eyepiece lens 17, 
but, when the optical path switching mirror 16 is 
inserted into the optical path, the eye fundus image 
Ea f focused or/the scale plate 15 is refocused on the 
CCD camera 19 through the television relay lens 18 and 
is displayed on the liquid crystal monitor 20. 

The alignment of the apparatus is made under the 
observation of the eye fundus image Ea ' either through 
the eyepiece lens 17 or the liquid crystal monitor 20. 
In this operation it is desirable to select the 
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appropriate observing method according to the desired 
purpose. The observation through the eyepiece lens 17, 
being generally higher in the resolving power and in 
the sensitivity than the observation by the liquid 
crystal monitor 20, is suitable for diagnosis by 
reading delicate changes on the eye fundus Ea. On the 
other hand, the observation through the liquid crystal 
monitor 20 is also very useful for clinical purposes 
since such observation, not limited in the viewing 
field, can reduce the fatigue of the examiner and 
allows electronic recording of the successive changes 
in the measured region of the eye fundus image Ea • by 
supplying the output of the CCD camera 19 to an 
external video cassette recorder or an external video 
printer . 

The measuring light, emitted from the laser diode 
36, is collimated by the collimating lens 35 and, if 
the optical path switching mirror 34 is inserted in the 
optical path, is reflected by this mirror 34 and the 
fixed mirror 33 to pass through the lower part of 
condenser lens 30, but, if the optical path switching 
mirror 34 is retracted from the optical path, it 
directly passes through the upper part of condenser 
lens 30, thus being transmitted by the dichroic mirror 
29. 

cj^^lon the other hand, the tracking light emitted from 
the tracking light source 3B is expanded in beam 
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diameter with different magnifications in the verticil 
and horizontal directions by the beam expander 3^/ then 
is reflected by the mirror 32, is shaped intp^a desired 
shape by the shaping mask 31, further rejected by the 
dichroic mirror 29 and is superposed^y the condenser 
lens 30 with the measuring light ^Which is focused into 
a spot at a position conjugat^with the center of the 
aperture of the mask 31. ^he measuring light and the 
tracking light mutually/superposed are transmitted by 
the lens 24, reflected by the upper reflective face 22b 
of the galvanometif^ic mirror 22, transmitted by the 
black spot pla^e 27 , reflected by the concave mirror 
28, again transmitted by the black spot plate 27 and 
the optical path length correcting semicircular plate 
26, and/is returned toward the galvanometric mirror 22. 



J^\\By the function of the relay optical systen^tfhich 
forms the image of the upper reflective face^b and 
the lower reflective face 22a of the gal\j^nometric 
mirror 22 with a magnification of -l-/the measuring 
light and the tracking light reflated by the upper 
reflective face 22b are returned to the galvanometric 
mirror 22 in a state deviated from the optical axis of 
the objective lens 2, so/that these lights are 
transmitted by the galvanometric . mirror 22 without 
being reflected by /the lower reflective face 22b 
thereof, further/by the image rotator 21, then 
deflected by the band-pass filter 12 toward the 
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objective lens 2 and projected therethrough to the eye 
fundus Ea of the eye to be /examined E. 
£v*jT7 The light scattered and reflected at th^eye 
fundus Ea is condensed by the objective }£ris 2, then 
reflected by the band-pass filter 12/^transmitted by 
the image rotator 21, reflected J*y the lower reflective 
face 22a of the galvanometrip-'mirror 22, and 
transmitted by the second/focusing lens 23, and the 
measuring light and t)*fe tracking light are separated by 
the dichroic mirrgr 39. 

iroic 

mirror 39, and is focused by the field lens^O and the 
imaging lens 41 on the one-dimensional ^^CD 42 as a 
vessel image which is more magnif ieci than the eye 
fundus image Ea f formed by the^ye fundus observing 
optical system. Based on t)*fe vessel image taken by the 
one-dimensional CCD, the^vessel position detection 
circuit 50 prepares ^ta indicating the amount of 
displacement of th£ vessel image for supply to the 
control circuit/49, which drives the galvanometric 
mirror 22 so/as to compensate such amount of 
displacement - 
$o^7-|| On the other hand, the measuring^lght is 

reflected by the dichroic mirror %4 , then transmitted 
by the aperture of the confop^l diaphragm 44, reflected 
into two directions by th^ paired mirrors 45a, 45b and 
received by the photomUltipliers 46a, 46b, of which 
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output signals are supplied to the system control unit 
47 and are subjected to a frequency/analysis to 
determine the blood flow velocit^ at the eye fundus Ea. 
The outputs of the photomultipliers 46a, 46b are 
5 also supplied to the optimum gain calculating portions 
51a, 51b for calculating the optimum gains, which are 
respectively fed back to the photomultipliers 46a, 46b. 
5^^^1 When the tracking start buttop^54 of the input 
means 48 is depressed, the pho£<5multiplier control 

10 portion 52 of the system corftrol unit 47 sends a 
calculation start signal to the optimum gain 
calculating portions/51a, 51b, which in response 
calculates the optimum gains of the photomultipliers 
46a, 46b and s^nds these optimum gains to the 

15 photomultipliers 46a, 46b. 

The optimum gain calculation portions 51a, 51b 
monitor whether the photomultipliers 46a, 46b are set 
at the optimum gains, and send gain setting signals to 
the photomultiplier control portion 52, which therefore 

20 can know whether the photomultipliers 46a, 46b are set 
at the optimum gains. 

As the time required for setting the 
photomultipliers 46a, 46b at the optimum gains is in 
the order of several hundred milliseconds, such setting 

25 can be normally achieved within a time from the 

depression of the tracking start button 54 to the 
depression Of the measurement start button 55. 
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>^fi| Then, when the measurement start button 55/is 
depressed, the photomultiplier control por£±6n 52 sends 
a calculation stop signal to the optimuX gain 
calculating portions 51a, 51b and simultaneously sends 
5 a process start signal to the signal processing portion 
53, whereby the optimum gain/calculating portions 51a, 
51b terminate the calculation while the signal 
processing portion 53/executes a process for 
determining the bipod flow velocity. 
10 In case the setting of the photomultipliers 46a, 

46b at the optimum gains cannot be completed within the 
time from the depression of the tracking start button 
54 to the depression of the measurement start button 
55, the measurement is started after such setting is 

1 5 comp le ted . 

The calculation of the optimum gain is terminated 
at the start of measurement, but it may be continued 
thereafter. Also, as the optimum gain calculating 
portions 51a, 51b are independently operable, the 

20 calculation may be terminated when each of the 

photomultipliers 46a, 46b reaches the optimum gain 
after the start of tracking. Also the calculation of 
the optimum gain is started at the start of tracking, 
but: it may be started at the start of measurement. 

25 ^^0^ when the tracking sta^tf button 54 of the input 
means 48 is depressed, a/tracking start signal is 
supplied to the system control unit 47, which in 
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response sends an optimum gain calculation s^art signal 
to the optimum gain calculating portions^! a, 51b and 
then monitors optimum gain setting cojrfpletion signals 
therefrom. Confirming the reception of the optimum 
5 gain setting completion signal^ the system control 
unit 47 sends a galvanometric mirror drive signal to 
the galvanometric mirror/control circuit 49 - Also the 
vessel position detection circuit 50 prepares and 
outputs data, representing the amount of displacement 
10 of the vessel image, to the galvanometric mirror 
Ly control circuit 49, which in response drives the 

galvanometric mirror 22 so as to compensate the amount 
of displacement, whereby the vessel on the eye fundus 
Ea is tracked . 

15 When the examiner depresses the measurement start 

button 55 of the input means 48 after confirming the 
state of tracking, the input means 48 sends a 
measurement start signal to the system control unit 47, 
which determines the blood flow velocity by analyzing 
the Doppler signals from the photomultipliers 46a, 46b. 
In this state, the gains of the Doppler signals 
therefrom, tracking the same vessel, are adjusted to 
the optimum gains. 

Also in case of measuring tfie blood flow velocity 
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25 of the vessel of a dif f erentyposition of the same 

person or the blood flow s/elocity of the vessel of a 
different person, the nfeasurement can be executed by 
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determining the vessel to be measured and setting^Jzhe 
optimum gains at the start of tracking in a siipdlar 
manner. Consequently the examiner can exec^lte the 
measurement without paying attention together the 
photomultipliers 46a, 46b are set at/the optimum gains, 
and the photomultipliers 46a, 46b/can therefore be 
reduced in the loads thereof a#d in the deterioration, 
in comparison with the case/where the optimum gains for 
the photomultipliers 46a/ 46b are constantly 
determined. Also the/operation of the examiner for 
determining the optimum gains for the photomultipliers 
46a, 46b causes An additional light irradiation to the 
eye to be exarfiined E, but the present embodiment can 
reduce the/damage to the eye to be examined E. 

\Fig. 3 is a timing chart, in wh^eiti (a) indicates 
the incident light amount to the/photomultipliers 46a, 
46b, and which compares a c^e 1 (b) of constantly 
setting the optimum gaips for the photomultipliers 46a, 
46b and a case 2 (c/of setting the optimum gains at 
the start of tracking operation as in the present 
embodiment . 

5 VA ^5^ In 3 period T1 " T2, if li 9 h ^^ t2f ^ er than the 
Doppler shift light enters the nKotomultipliers 46a, 
46b, the gain varies so as to attain an optimum gain in 
the case 1 in which the optimum gain is constantly 
determined, but the g^in does not change in the case 2 
in which the optimum gain is determined prior to the 
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start of the tracking operation. Consequently th^ case 
1 executes the gain setting more frequently tj*an in the 
case 2, whereby the loads to the photomul^ipliers 46a, 
46b increase. Also in the case 1, the/gain is set at 
5 maximum immediately before the stajpt of the tracking at 
T3 because the light amount is yery weak, and the 
photomultipliers 46a, 46b receive a large amount of 
light in a stage of maximum gain at T3, and this is 
undesirable for the photomultipliers 46a, 46b. On the 

10 other hand, in the/case 2, the gain is set at minimum 

at the end T4 of' the measurement and maintained at this 
level unit the tracking is started at T3. 

Consequently the present embodiment allows to use 
the photomultiplier^46a, 46b in efficient manner, over 

15 a prolonged perijefa, 



Fig. 4 is a timing chart comparing a case 3 (d) in 
which the optimum gains for the photomultipliers 46a, 
46b are set by the examiners/and a case 4 (e) in which 
the optimum gains are automatically determined. The 

20 chart shows the timing of entry of the measuring light 
into the eye to be examined E, and the total light 
amount Ql or Q2 indicates the total sum of the light 
amount entered into the eye to be examined E. 

In the case 3 in which the examiner sets the 

25 optimum gains, the examiner sets the optimum gains for 
the photomultipliers 46a, 46b under the same conditions 
as in the measurement in the period from tl to t2, so 



m • 

- 23 - 



that the measuring light enters the eye to be examined 
E during this period. On the other hand, in the case 4 
in which the optimum gains are determined at the start 
of tracking, the examiner is not required to set the 
5 optimum gains for the photomultipliers 46a, 46b under 

the same conditions as in the measurement in the period 
from tl to t2, and the optimum gains are set 
simultaneously with the start of tracking at t3. 
Consequently, in comparison with the foregoing case 3, 
10 the eye to be examined E can be prevented from the 

entry of the measuring light in the unnecessary period. 
Therefore, the present embodiment does not 
iate the eye to be exajifined E with the measuring 
light in the unnecessary^period, thereby reducing the 
1 5 burden to the eye to ybe examined E . 

As explained in the foregoing, the eye fundus 
blood flow meter of the present invention can determine 
the optimum gains of the light receiving means 
immediately before the measuring operation, by starting 
20 the calculation of the optimum gain in synchronization 
with the start of irradiation, thereby exactly 
determining the blood flow velocity in the eye fundus 
Ea and reducing the light irradiating time to the eye 
to be examined . 
25 S^^Also the eye fundus blp6d flow meter of the 

present invention, starting the calculation of the 
optimum gains in synchronization with the start of 
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-tracking, need not execute the gain calculation for the 
light receiving means in /Continuous manner, thereby 
reducing the damage thereto. 

In the following there will be explained an 
5 apparatus comprising illumination means for 

illuminating an eye fundus area including a specified 
target region; detection means for detecting the light 
from such specified region; tracking means for 
executing a tracking operation following the movement 
10 of the eye fundus, utilizing the detection signal of 
the detection means; tracking start input means for 
outputting an input signal for starting the tracking of 
the tracking means; amplification gain determination 
means for determining the amplification gain of the 
15 detection means, based on an output signal therefrom; 

and control means for executing, in succession, a first 
step for causing the amplification gain determination 
means to determine the amplification gain of the 
detection means in response. to the input signal from 
20 the tracking start input means and a second step for 
causing the tracking means to start the tracking with 
the amplification gain determined by the first step. 
Fig. 5 is a perspective udfew of the eye fundus 
flow meter of the present embodiment, wherein a 
25 base member 1 supports >a monitor 3 and a fixed stage 
unit 2 which in turn/supports a movable stage unit 4 

rendered movable Jlvl the forward-backward direction and 
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in the lateral direction, and a chin support/member 5 
On the movable stage unit 4 there is provided a 
measuring head 6, and, at the examine/ side of the 
movable stage 4 there are provided/&n operating rod 7, 
a switch 8, an operation ring 9f a measuring mode 
selecting switch 10 and an l£D 11 for display. Also on 
the measuring head 6 ther/ are provided an operation 
knob 12 for moving a fixation target, a focusing knob 
13 and an image rota/or knob 14, 

Fig, 6 is a view showing the configuration of/a 
main body of the eye fundus blood flow meter, 
incorporated in the measuring head 6, wherein, on an 
illumination optical path from an observation light 
source 21 composed for example of a t>ingsten lamp 
emitting white light to an objective lens 22 provided 
in a position opposed to the ey^ to be examined E, 
there are in succession provided a condenser lens 23, a 
field lens 24 with a band-pass filter for transmitting 
for example the light of/yellow wavelength region only, 
a ring slit 25 substantially conjugate with the pupil 
Ep of the eye to be ydxamined E, a light shield member 
26 substantially conjugate with the lens of the eye to 
be examined E , f relay lens 27, a transmissive liquid 
crystal panel /28 rendered movable along the optical 
path and constituting a fixation target displaying 
element, A relay lens 29, a light shield member 30 

conjugate with the vicinity of the cornea of the eye to 



m m 

- 26 - 



0>« 



10 



15 



20 



25 



be examined E, a holed mirror 31, gxfd a band-pass 
mirror 32 transmitting the ligh^of the yellow 
wavelength region and substantially reflecting light of 
other wavelength regions/thereby constituting an 
illumination optical system. 

^ t ^^l The r±ng Slit: 25 and * he li 9^/^ lield members 26 ' 
30 serve to separate the eye fundus illuminating light 

and the eye fundus observi no/light at the front eye 

region of the eye to be examined E, and the shape of 

these components is ryaft critical as long as suitable 

light shielding arj^a can be formed. 

^Jo^ Behind the holed mirror 31 there is provided an 

eye fundus observing optical system, y*Kich is provided, 

in succession on the path to the gKserving eye e, a 

focusing lens 33 movable along/the optical path, a 

relay lens 34, a scale platg35, an optical path 

switching mirror 35 inseaftable into and retractable 

from the optical path/ and an eyepiece lens 37. In an 

optical path in the^ direction of reflection of the 

optical path switching mirror 37 when it is inserted 

into the optical path*, there are provided a television 

relay lens ,38 and a CCD camera 39 of which output is 

supplied/to a CRT monitor 3. 

^0^j^| Also in an optical path in^he direction of 

reflection of the band-pass fdJ-ter 32 there are 

provided an image rotatoi/40 and a galvanometric mirror 

41 polished on both forces and having a rotary axis 
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perpendicular to the plane of drawing, and in #ne 
direction of reflection of the lower reflpdtive face 
41a of the galvanometric mirror 41 ppdvided is a second 
focusing lens 42 movable along tj*e optical path, while, 
in the direction of ref lectipfi of the upper reflective 
face 41b, there are provided a lens 43 and a focusing 
unit 44. The front fdcal plane of the lens 43 is 
conjugate with th^r pupil Ep of the eye to be examined E 
and the galvarjranetric mirror 41 is positioned on such 
10 focal plane 

Above the galvanometric mirror 41 there ar^ 
provided an optical path length compensating/semi- 
circular plate 45, a black spot plate 46/having a light 
shield portion in the optical path, a^d a concave 
15 mirror 47 in concentric manner on *?ne optical axis, 

thereby constituting a relay optical system for guiding 
the light beam, which is not/reflected by the lower 
reflective face 41a of the'galvanometric mirror 41, to 
the upper reflective face 41b thereof. The optical 
20 path length compensating semicircular plate 45 is to 

compensate the aberration, in the vertical direction of 
the drawing, resulting from the thickness of the 
galvanometric/ mirror between the upper reflective face 
41b and th/e lower reflective face 41a thereof, and 
25 functior\s only in the optical path toward the image 
rotato/ 40. 

the focusing unity^4 there are provided, on the 
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optical path of the lens 43, a dichroic/fnirror 48 and a 
condenser lens 49, and, on an optical path, in the 
direction of reflection of the ixlichroic mirror 48 there 
are provided a mask 50 and af mirror 51, The focusing 
unit 44 is rendered integrally movable in a direction 
indicated by an arrow/ along the optical path. 

On an optical path at the entrance side of -yfe 
condfenser lens 49, there are provided in para^rlel 
manner a fixed mirror 52 and an optical path switching 
10 mirror 53 retractable from the optical/path, and, on an 
optical path at the entrance side per the optical path 
switching mirror 53, there are provided a collimating 
lens 54 and a measuring laser diode 55 emitting 
coherent light such as of/red color. Furthermore, on 
15 an optical path at the/entrance side of the mirror 51 
there are provided sl beam expander 56 composed for 
example of a cylindrical lens, and a tracking light 
source 57 emitting light of a high intensity of a 
color, for ^xample green, different from that of the 
20 other l±g)nt source . 

On an optical path behind the second /focusing lens 
42, tnere are in succession provided ^dichroic mirror 
58, a field lens 59, a magnifying y^ens 60 and a one- 
dimensional CCD 62 with an imagfe intensif ier , thereby 
25 constituting a vessel detection system. Also on an 
optical path in the direpxion of reflection by the 
dichroic mirror 58, there are provided an imaging lens 
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63, a confocal diaphragm 64 and paired mirrors 65a, 
substantially conjugate with the pupil Ep of the^dye to 
be examined E, and, in the directions of reflection by 
the paired mirrors 65a, 65b there are^spectively 
5 provided photomultipliers 66a, 66£K x to constitute 

measuring light receiving optical systems. All the 
optical paths are illustrated on a same plane for the 
purpose of simplicity^ but the optical path from the 
laser diode 55 to yttie mask 50, the measuring optical 
10 path at the ex*r side of the tracking light source 57 
and the reflection optical paths of the paired mirrors 
65a, 65b/^re in fact perpendicular to the plane of the 
drawix 

For controlling the entire apparatus there ife 
15 provided a system control unit 67, to which s*fpplied 
are the outputs of the switch 8, the measuring mode 
selection switch 10, the operation knpb 12, the 
photomultipliers 66a, 66b and lateral movement 
detection means 68. The output/of the one-dimensional 
20 CCD 62 is supplied through a/vessel detection circuit 
69 and an A/D converter 70 to the system control unit 
67, while the output of the vessel detection circuit 69 
is supplied to the system control unit 67 and to a 
galvanometric mirror control circuit 71 for controlling 
25 the galvanometric mirror 41, and the output of the 

system control unit 67 is supplied, through the display 
LED 11, the/ transmissive liquid crystal panel 28, the 
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optical path switching mirror 53, th^gal vanometric 
mirror control circuit 71 and a pyA converter 72, to a 
driving power source 73 for ttfe tracking light source 
57 and the image intensif4rer 61. 

Fig, 7 shows the arrangement of light beams on the 
pupil Ep of the eye to be examined E, wherein I 
indicates an area illuminated with. the yellow 
illuminating light and shows an image of the ring slit 
25, 0 indicates an eye fundus observing light beam and 
shows an image of the aperture of the holed mirror 31, 
V indicates a measuring light beam/beam received from 
the vessel and shows an image of effective portions of 
the upper and lower reflective faces 41b, 41a of the 
galvanometric mirror 41, and Da, Db indicate two 
received measuring beams and respectively show images 
of the paired mirrors 65a, 65b. Also PI, PI' indicate 
the entering positions of the measuring light, selected 
by the switching of the optical path switching mirror 
53, and a chain-lined area M indicates an image of the 
lower reflective face 41a of the galvanometric mirror 
41 . 

^j^^At the measurement, the examip€r at first fixes 
the face of the examinee on the/fchin support member 5, 
and selects, for example, a ^fiode for measuring a vessel 
in the vicinity of disc Jzfy the measuring mode selecting 
switch 10. The lateral position of the movable stage 3 
is detected by the/lateral movement detection means 68 
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to discriminate whether the eye to be examipfed is the 
left or right eye, and the signals from the lateral 
movement detection means 68 and the m^Asuring mode 
selecting switch 10 are supplied to/the system control 
unit 67. In response to these signals, a predetermined 
dot pattern Q is displayed as ythe fixation target on 
the transmissive liquid crystal panel 38, and the 
observation light source £\ is turned on. 
^b^\ The white light emitted from the observing 1 
source 21 is transmitted by the condenser len^/23 . 
Then the light of yellow wavelength region/only is 
transmitted by the field lens 24 with the band-pass 
filter, is further transmitted by ^He ring slit 25, the 
light shield member 26 and the relay lens 27, 
illuminates the transmissive yiiquid crystal plate 28 
from the rear side, is further transmitted by the relay 
lens 29 and the light shield member 30, and is 
reflected by the holed mirror 31. Thus the light of 
the yellow wavelength region only is transmitted by the 
band-pass mirror/32 and the objective lens 22 and is 
focused as an /image I of the eye fundus illuminating 
light beam cm the pupil Ep of the eye to be examined E, 
thus substantially uniformly illuminating the eye 
fundus Ba. 

£oJ^~j In this state the transmiss^e liquid crystal 
plate 28 displays one of the dot patterns ;Q, which is 
projected by the illuminating light onto the eye fundus 
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Ea of the eye to be examined E and is/presented thereto 
as an fixation target image F. Th^r examiner 
manipulates the operating knob 1T2 to send a signal to 
the system control unit 67 t^fereby varying the position 
of the displayed dot pattern Q and guiding the visual 
axis of the eye to be examined E , 

^J^Tl The light reflected by the eye fundus Ea return^ 
the same optical path and is taken out, from the^upil 
Ep, as an eye fundus observing light beam O, >mich is 
10 guided through the central hole of the ho^ed mirror 31, 
the focusing lens 33 and the relay lenjar 34 > is then 
focused as an eye fundus image Ea 1 Jfcfy the scale plate 
35 and reaches the optical path ^witching mirror 36 
When the optical path switching mirror 36 is retracted 
15 from the optical path, the/observing eye e can observe 
-the eye fundus image EaV/through the eyepiece lens 37, 
but, when the optical/path switching mirror 36 is 
inserted into the optical path, the eye fundus image 
Ea' focused on th4 scale plate 35 is refocused on the 
20 CCD camera 39 through the television relay lens 38 and 
is displayed >6n the monitor 3. 

5^^The alignment of the apparatu^^ith the eye to be 
examined E is made by the manipulation of the operating 
rod 7 and the operating rirfg 9 to move the movable 
25 stage 4 in the X-Z plarfe and in the Y-direction, under 
the observation of/the eye fundus image Ea ' either 
through the eyepiece lens 37 or the monitor 3. In this 
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operation it is desirable to select the appropria} 
observing method according to the desired pur^p^e. The 
observation through the eyepiece lens 37, £>6ing 
generally higher in the resolving power/and in the 
sensitivity than the observation by/the monitor 3, is 
suitable for diagnosis by readii^r delicate changes on 
the eye fundus Ea. On the otKer hand, the observation 
through the monitor 3 is alfso very useful for clinical 
purposes since such observation, not limited in the 
10 viewing field, can reduce the fatigue of the examiner 
and allows electronic recording of the successive 
changes in the/measured region of the eye fundus image 
Ea' by supplying the output of the CCD camera 39 to an 
external x^ideo cassette recorder or an external video 
15 printei 

Then the measuring laser diode 55 and the trajzfcing 
light source 57 are turned on. The measuring .Zight , 
emitted from the laser diode 55, is collim2*ted by the 
collimating lens 54 and, if the optical/path switching 
20 mirror 53 is inserted in the optica* path, is reflected 
by this mirror 53 and the f ixed/mirror 52 to pass 
through the lower part of copfdenser lens 49, but, if 
the optical path switching mirror 53 is retracted from 
the optical path, it directly passes through the upper 
25 part of condenser lexis 49, thus being transmitted by 
the dichroic mirro/ 48. 
CjJ§^^ I On the other hand, the tracking light emitted from 
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the tracking light source 57 is expanded in be< 
diameter with different magnifications in^fcKe vertical 
and horizontal directions by the bean^xpander 56, then 
is reflected by the mirror 51, is/shaped into a desired 
shape by the shaping mask 50, further reflected by the 
dichroic mirror 48 and is superposed by the condenser 
lens 49 with the measuring light which is focused into 
a spot at a position/con jugate with the center of the 
aperture of the mask 50. 

The measuring light and the tracking lig] 
mutually superposed are transmitted by th^iens 43, 
reflected by the upper reflective fac^41b of the 
galvanometric mirror 41, transmitted by the black spot 
plate 46, reflected by the corpve mirror 47, again 
transmitted by the black spot plate 46 and the optical 
path length correcting .Semicircular plate 45, and is 
returned toward the /galvanometric mirror 41. 
£^^lBy the function of the relay optical syst^ifi which 
consists of the concave mirror 47, the blapK spot plate 
46 and the optical path length compensating 
semicircular plate 45 and which forjtfs the images of the 
upper reflective face 41b and the lower reflective face 
41a of the galvanometric mirror 41 with a magnification 
of -1, the measuring light/and the tracking light 
reflected at positions /l, PI 1 shown in Fig. 3, behind 
the image M of the galvanometric mirror 41 are 
returned, by the >£nsertion or retraction of the optical 
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path switching mirror 53 into or from the opticalpa'th, 
to positions P2, P2 • corresponding to a notched portion 
of the galvanometric mirror 41, so that^nese lights 
are guided to the image rotator 40 without being 
reflected by the galvanometricyrtirror 41. Then the 
both light beams are deflected by the band-pass filter 
32 toward the ob j ectiyelens 22 and projected 
therethrough to tKe eye fundus Ea of the eye to be 
examined E . / 

^b^jln this manner the measuring light and 
tracking light are reflected by the upper^xef lective 
face 41b of the galvanometric mirror >1, and, in the 
returning state, they enter the gaavanometiric mirror 41 
in a state deviated from the ^eJptical axis of the 
objective lens 22, whereby; on the pupil Ep, the light 
beam passing through the positions PI and P2 forms a 
spot image P while £ne light beam passing through the 
positions PI' aiyi P2 ' form a spot image P', thereby 
illuminating /tfhe eye fundus Ea in spot shapes. 

The light scattered and reflected at the eye 
fundus Ea is condensed by the^db j ective lens 22, then 
reflected by the band-pass/f ilter 32, transmitted by 
the image rotator 40 , y^nd reflected by the lower 
reflective face 41a / of the galvanometric mirror 41, and 
the measuring l^ght and the tracking light are 
separated by/the dichroic mirror 58. 

1 Tne tracking light is/transmitted by the dichroic 
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mirror 58, and is focused by the field lens i/59 and the 
imaging lens 60 on the one-dimensional CpD 62 through 
the image intensifier 61 as a vessel image Ev f which is 
more magnified than the eye fundu^/image Ea' formed by 
the eye fundus observing optic^lf system. On the other 
hand, the measuring light is yiref lected by the dichroic 
mirror 58, then transmitted by the aperture of the 
confocal diaphragm 64, reflected into two directions by 
the paired mirrors 65a/ 65b and received by the 
10 photomultipliers 66;a, 66b. 

jfycJp fcn this state, because of the spectre 
characteristics of the band-pass mirror/32, the 
illuminating light from the observing light source 21 
does not reach the one -dimensional CCD 62, and 
15 undesirable flare is reduced ^ecause a narrow image 
taking area is selected. /As a result, the one- 
dimensional CCD 62 only/takes the vessel image Ev f 
formed by the trackirig light. Also since hemoglobin in 
the blood and melamine in the pigment epithelium are 
20 significantly different in the spectral reflectance in 
the green wavelength region, the vessel image Ev' can 
be obtained with a satisfactory contrast by employing 
green -clacking light. 

Aj^pytfhe light beam received hyS the one-dimensional CCD 
25 62 is taken out from the me^rsuring/vessel-received 

light beam V from the vessel at the pupil Ep of the eye 
to be examined E, ancr measuring/received light beams 
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Da, Db are taken out therefrom by the paired mirror/ 
65a, 65b and are received by the photomultiplier^T 66a, 
66b. The measuring/ vessel -received light beapf V is 
made larger than the eye fundus observing^alght beam 0 
because otherwise a sufficient image p^&ne intensity on 
the one-dimensional CCD 62 cannot b^T obtained as the 
one-dimensional CCD 62 has a larjgfer imaging 
magnification for the eye funjiUs Ea than in the CCD 
camera 39 of the eye fundu^ observing optical system. 
On the other hand, the influence of flare, generated at 
the front eye region the eye to be examined E by the 
enlargement of the /Light beam is negligible because the 
image receiving y^rea is smaller in the vessel image 
receiving optical system. Also the distance of the 
received measuring light beams Da, Db on the pupil E, 
directly Effecting the resolving power of the blood 
flow velocity measurement, can be made sufficiently 
large/by employing a large measuring/received light 
be^ffi V. 

n A part of the measuring and tracking ligt>ts 
scattered and reflected on the eye fundus^fa is 
transmitted by the band-pass mirror 32^and guided to 
the eye fundus observing optical system positioned 
behind the holed mirror 31, wja^rein the tracking light 
is focused on the scale p^te 35 as a rod-shaped 
indicator T while the nfeasuring light is focused as a 
spot at the centery^f the indicator T. Fig. 8 shows 
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-the eye fundus image Ea' observed -through the eyepiece 
lens 37 or the monitor 3, including a vessel imagp / Ev , / 
an image F of the fixation target projected by^the 
illuminating light onto the eye fundus, apr indicator T 
superposed with an unrepresented spot/image, and a 
circular scale S formed on the sc^ie plate 35 and 
projected onto the eye fundus Ea. Under the 
observation of such image, ytfhe examiner can one- 
dimensionally move the indicator T within a range that 
the center of the injJicator T is contained in the scale 
S, by the rotation! of the switch 8* 
tyhA 3l When ^ he examiner rotates the f ocusing/fcnob 13 for 
focusing the eye fundus image Ea', theXrahsmissive 
liquid crystal panel 28, the focusirng lenses 33, 42 and 
the focusing unit 44 are moved/in mutual linkage, by 
unrepresented drive means ./along the optical axis. 
When the eye fundus irn^ge Ea * is focused, all the 
transmissive liquor crystal panel 28, the scale plate 
35, the one-dimensional CCD 62 and the confocal 
diaphragm 64/oecome conjugate with the eye fundus Ea. 
^^^^After the focusing operation, th^ examiner 
manipulates the operating knob 12,/xf necessary, to 
move the fixation target F, thereby guiding the visual 
axis of the eye to be examined E , thus varying the 
observed area and moving/The target vessel Ev into the 
circle S of the scale/plate 35. Then the examiner 
drives the image rotator 40 by the image rotator knob 
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14, thereby rotating the i^icator T in such a manner 
it becomes perpendicular/to the longitudinal direction 
of the target vessel 
^c<^^|ln this operation, the examiner recognizes as i^/ 
the indicator T alone rotates, since the eye fundyfe 
observing light does not pass through the imao/ rotator 
40. Consequently also the images of the optical 
components on the pupil Ep as shown in FXg. 7 rotate in 
a same direction and by a same angle/about the original 
point, so that a line passing though the centers of 
the measuring /received light bfeams Da, Db and the X- 
axis passing through the centers of the spot images P, 
P' become parallel to tj*e longitudinal direction of the 
vessel Ev. As the bl6od flow velocity is determined 
from the interference between the scattered/ reflected 
light from the ^essel wall and that from the blood 
cells in the/blood, the result of measurement is not 
influenced/by a movement of the eye fundus Ea in the X- 
direction in the course of measurement, if the vessel 
Ea is/positioned substantially parallel to the X-axis. 

On the other hand, in case the ey^ fundus Ea moves 
in a direction of the Y-axis whicj/ is perpendicular to 
the X-axis, the result of meastfrement becomes unstable 
because the light beam f ropr the measuring laser diode 
55 becomes deviated fropf the target vessel Ev, but, in 
such case, the amoun* of displacement of the vessel Ev 
need only be dete^ed in the Y-direction. In the 
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present embodiment , the ticking is executed only in 
such direction by the vessel detecting system behind 
the dichroic mirror/58 and by the galvanometric mirror 
41. 

As the elements of the one-dimensional CCD 62 are 
arranged in the longitudinal direction of the tracking 
light, in a state where the angular adjustment of the 
inspected region is completed as shown in Fig. 9, the 
longitudinal direction of the indicator T, indicating 
the tracking light, is perpendicular to the 
longitudinal direction of the inspected vessel Ev, 
whereby the one-dimensional CCD 62 of the vessel 
detecting system takes the eye fundus image Ea 
indicated by the indicator T in a magnified manner. As 
the green tracking light is absorbed by the blood 
vessel, the output signal SG of the one-dimensional CCD 
62 shows a recess, as shown in Fig. 10, at the crossing 
portion of the indicator T and the vessel Ev. 

After the angular adjustment, the switch 8 is 
again rotated to move the indicator T as indicated by 
an arrow in Fig. 11, and the region to be measured is 
selected by matching the light spot, superposed with 
the tracking light, with such region. After the 
determination of the region to be measured, the switch 
8 is pressed in to send a signal for starting the 
tracking operation after the positioning operation. 
^Y>-lln response to the tracking start signal entered 
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from the switch 8, the system control unit 67 function^ 
according to the flow chart shown in Fig. 12. A stop 

51 discriminates whether a tracking start signal/as 
been entered from the switch 8, and, if entered, a step 

52 executes A/D conversion of the signal SG/from the 
one-dimensional CCD 62, shown in Fig. 10/ by the A/D 
converter 70. Then there is discriminated whether the 
signal SG is positioned within a rar^ge between values 
SA and SB which are shown in Fig-/l0 and are present 
with such an initial power that: is anticipated to bring 
the signal SG, coming from ari area outside the vessel, 
to a preferred level in case the power of the tracking 
light irradiating the eye to be examined E is 
increased. If the signal SG is not within such range, 

a step S3 determines^ the voltage to be applied to the 
image intensif ier /61 in such a manner that the signal 
SG falls betweer/ the set values SA and SB, and sends 
necessary data' to the D/A converter 72 to execute such 
voltage application. In the present embodiment, the 
signal level of the vessel image Ev' is optimized by 
the control of the voltage applied to the image 
intens/fier, but there may be controlled the gain of 
the Amplifier of the one-dimensional CCD 62 for the 
same purpose . 

If the signal SG from an area outside the vessel 
is positioned between the set values SA and SB as shown 
in Fig. 13 from the beginning or after the Step S3, the 
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voltage applied to the image intensifier 61 is fixed, 
and, in a step S4, the system control unit 67 supplies 
the driving power source 73 with an instruction to 
increase the power of the tracking light to a preset 
power level required for ensuring the tracking 
operation. 

Then, in a step S5, the system control unit 67 
supplies the galvanometric mirror control circuit 71 
with a tracking start signal, and. the vessel detection 
circuit 71 calculates, based on the output signal of 
the one-dimensional CCD 62, the amount of displacement 
of the vessel image Ev f from a one-dimensional 
reference position- Based on such amount of 
displacement, the galvanometric mirror control circuit 
71 drives the galvanometric mirror 41 in such a manner 
that the position of the vessel image Ev' remains 
constant on the one-dimensional CCD 62. 

</ After confirming the start of tracking, y^he 
examiner presses in the switch 8 further/^o initiate 
the measurement by a second -stroke syrvtch. The system 
control unit 67 awaits, in a step^S6 of the flow chart 
in Fig. 12, the entry of the irfeasurement start signal 
from the switch 8, and, in/response to the entry of the 
signal, a step S7 executes the measurement of the blood 
flow velocity. Then/a step S8 terminates the 
measurement and tj?fe sequence returns to the step SI . 

in the measurement, the system control unit 67 at 
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first inserts the optical path switching mirror 53 into 
the optical path, whereby the light beam entering from 
the spot image P on the pupil Ep of the eye to be 
examined E is received by the photomultipliers 66a, 
66b, and the output signals thereof are fetched and 
processed in the system control unit 67 to obtain 
maximum frequency shifts | Af maxl | and |Afmax2|. 

Since the incident light in^jzhis state comes from 
the* spot image P which is sufficiently displaced from 
10 the received measuring light beams Da, Db, the maximum 
velocity is normally by/the following equation (1): 
Vmax = {X/(n-a)} • ||Afmaxl| - |Afmax2|| 

.... (1) 

wherein X is the wavelength of the measuring light 
15 beam, n is the refractive index of the measured region, 

and a is the angle formed by the measuring light beam 

and the received light beam. 

However, depending on the position of the vessel 

Ev on the eye fundus Ea, the true maximum velocity Vmax 
20 may have to be determined by the following equation 

(2): 

Vmax = {X/(n-a)} • | | Af maxl | + |Afmax2||. 

... (2) 

After a temporary measurement is executed in this 
25 state and the maximum velocity Vmax is calculated by 

the equation (1), the optical path switching mirror 53 
is retracted from the optical path by the system 
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control unit 67, and the measurement is executed again 
by introducing the light beam from the spot image P f on 
the pupil Ep of the eye to be examined E. 

The center of the spot image P 1 is so positioned 
on the pupil Ep, as shown in Fig. 7, as to be on a line 
passing through the center of the other spot image P 
and parallel to the line connecting the centers of the 
received measuring light beams Da, Db. In the present 
embodiment, in particular, the spot image P' is so 
selected that the distance between the spot images P 
and P' is larger than the distance between the centers 
of the received measuring light beams Da, Db and that a 
line connecting the middle points of the above- 
mentioned two lines is perpendicular to these two 
lines . 

&tJ? TUfter the incident light is switched from tj*fe spot 
image P to thus selected spot image P f , the system 
control unit 67 again fetches the signals/from the two 
photomultipliers 66a, 66b to calculat/ the respective 
maximum frequency shifts | Af maxl • |/and | Af max2 f | , and 
obtains the maximum velocity Vm^x according to the 
equation ( 1 ) . Through the comparison of the two 
maximum velocities Vmax arm Vmax', the system control 
unit 67 determines an appropriate incident direction of 
the light beam for obtaining the true maximum velocity, 
then executes appropriate optical path switching based 
on thus obtained information, and continueg the 
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measurement by repeating thi calculation of the maximum 
velocity Vmax or Vmax' / at a suitable interval. The 
maximum blood flow velocity Vmax or Vmax' obtained in 
this manner is displayed on the LED 11, and the 
measurement of/the vessel Ev to the right of disc is 
thus complete 

r jj 7m the present embodiment there Was been explained 
the bracking operation by selecting a part of a vessel 
Ev, but it is also possible to/select the target region 
of tracking from each of plural vessels Ev or a 
characteristic region o#ner than the vessel, such as 
disc as the target region of tracking. Furthermore, 
the tracking may /be executed, instead of selecting a 
characteristic/region as the target, by selecting a 
broad area pi. the eye fundus Ea as the target. 

"apparatus of the present invention automatically and 
promptly controls the gain of the detection means after 
the preparation for the tracking to the selected 
position but prior to the execution of tracking, 
thereby enabling the measurement with the minimum light 
irradiation to the examinee/Without the cumbersome gain 
adjusting operation and without requiring a long time. 
Also in case the power/of the tracking light is changed 
between before and ^during the tracking operation in 
order to reduce /the energy of the tracking light given 
to the examinee, the gain of the detection means can be 



- 46 - 



controlled in consideration/of such change. 
^J?~~jln the following there will be explained an 
apparatus comprising illumination means for 
illuminating an. area including a specified/target 
5 region of the eye fundus; image taking>eans for taking 
the image of the specified region, Izhereby outputting 
an image signal; process conditioh determination means 
for determining the process condition, based on the 
output signal from the image' taking means or a signal 
10 in the vicinity of the specified region contained in 

the result of processing of such output signal; region 
extracting means fo/ extracting the specified region 
according to the/process condition determination means; 
and auto tracking means for automatically tracking the 
15 specified region based on the output of the region 
extracting^ means . 
^(A/b 1 1 Also a next embodiment provides an ophthalmic 

inspecting apparatus comprising illumination means for 
illuminating an area including a specified target 
20 region of the eye fundus; image/taking means for taking 
the image of the specified iregion, thereby outputting 
an image signal; process/condition determination means 
for determining the natocess condition, based on the 
output signal from/the image taking means or a signal 
25 in the vicinity/6f the specified region contained in 

the result of/processing of such output signal; region 
extracting /Cleans for extracting the specified region 
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according to trhe process /Condition determination means ; 
and auto tracking mean/for automatically tracking the 
specified region ba^ed on the output of the region 
extracting mean 

^b^j Fig. 14 shows the configuration of an eye fundu 
blood flow meter constituting an embodiment of th 
present invention, in which, on an illumination/light 
path from an observation light source 1, comcfosed for 
example of a tungsten lamp emitting white/light, to an 
objective lens 2 opposed to an eye to t)& examined E, 
there are in succession provided a cpndenser lens 3, a 
field lens 4 with a band-pass filler transmitting for 
example only the yellow wavelerjgth region, a ring slit 
5 substantially conjugate with the pupil Ep of the eye 
to be examined E , a light >6hield member 6 substantially 
conjugate with the lens /of the eye to be examined E, a 
relay lens 7, a transmissive liquid crystal panel 8 
rendered movable along the optical path and serving as 
a fixation target/ display element, a relay lens 9, a 
light shield member 10 conjugate with the vicinity of 
the cornea of the eye to be examined E, a holed mirror 
11, and a bfand-pass filter 12 transmitting the light of 
yellow wavelength region and reflecting the light of j 
most of other wavelength regions. 

/oOD Behind the holed mirror ll/^here is provided an 
eye fundus observing optical/system, which is provided, 
in succession in the path/to the observing eye e, a 
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focusing lens 13 movable along the optical path^/a 
relay lens 14, a scale plate 15, an optical/£ath 
switching mirror 15 insertable into and^etractable 
from the optical path, and an eyepi^e lens 17. In an 
5 optical path in the direction o^/ref lection of the 

optical path switching mirro/ L6 when it is inserted 
into the optical path, tt^re are provided a television 
relay lens 18 and a C(2D camera 19 of which output is 
supplied to a liquid crystal monitor 20. 

10 ^HtfV^ Also in an °P t:ical P ath in the direction 

reflection of the band-pass filter 12 there/are 
provided an image rotator 21 and a galva^ometric mirror 
22 polished on both faces and having f rotary axis 
perpendicular to the plane of drawing, and in the 
15 direction of reflection of the ^wer reflective face 

22a of the galvanometric mirror 22 provided is a second 
focus lens 23 movable alo^g the optical path, while, in 
the direction of reflection of the upper reflective 
face 22b, there are iSrovided a lens 24 and a focusing 
20 unit 25 movable a^ong the optical axis. The front 

focal plane of Izke lens 24 is conjugate with the pupil 
Ep of the eye/to be examined E and the galvanometric 
mirror 22 iA positioned on such focal plane. 

Behind t:he galvanometric mirror 22 there are 
25 provided an optical path ler^gth compensating semi- 
circular plate 26, a bl*ck spot plate 27 having a light 
shield region in th^optical path, and a concave mirror 



- 49 - 



28 in concentric manner on the optical axis, thereby 
constituting a relay optical system for guiding the 
light beam, which is not reflected by the lower 
reflective face 22a of the galvanometric mirror 22, to 
the upper reflective face 22b thereof. The optical 
path length compensating semicircular plate 25 is to 
compensate the aberration, in the vertical direction of 
the drawing, resulting from the thickness of the 
galvanometric mirror 22 between the upper reflective 
face 22b and the lower reflective face 22a thereof, and 
functions only in the optical path toward the image 
rotator 21 . 

In the focusing unit 25 there are provided, on the 
optical path of the lens 24, a dichroic mirror 29 and a 
condenser lens 30, and, on an optical path in the 
direction of reflection of the dichroic mirror 29 there 
are provided a shaping mask 31 and a mirror 32. The 
focusing unit 25 is rendered integrally movable in a 
direction indicted by an arrow, along the optical path. 
^J£^ on an optical path at the entrance side^arf" the 
condenser lens 30, there are provided in^arallel 
manner a fixed mirror 33 and an optical path switching 
mirror 34 retractable from the o|*tical path, and, on an 
optical path at the entrance/side of the optical path 
switching mirror 34, thejre are provided a collimating 
lens 35 and a measuring laser diode 36 emitting 
coherent light such as of red color. Furthermore, on 
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an optical path at the entrarfce side of the mirror 32 
there are provided a bean/expander 37 composed for 
example of a cylindrical lens, and a tracking light 
source 38 emitting l^ght of a high intensity of a 
color, for examp^fe green, different from that of the 
other light source. 

^jj/o|on an optical path behind the second fusing lens 
23, there are in succession provided a d^chroic mirror 
39, a field lens 40, a magnifying ler*£ 41 and a one- 
dimensional CCD 42 with an image ifvtensif ier , thereby 
constituting a vessel detection system. Also on an 
optical path in the direction of reflection by the 
dichroic mirror 39, ther/ are provided an imaging lens 
43, a confocal diaphragm 44 and paired mirrors 45a, 45b 
substantially conjugate with the pupil Ep of the eye to 
be examined E, and, in the directions of reflection by 
the paired mirrors 45a, 45b there are respectively 
provided phbtomultipliers 46a, 46b to constitute 
measurin/ light receiving optical systems. 

All the optical paths are illustrated on a same 
plane for the purpose of simplicity, but the optical 
path from the laser diode 36 to the mask 31, the 
measuring optical path at the exit side of the tracking 
light source 38 and the reflection optical paths of the 
paired mirrors 45a, 45b are in fact perpendicular to 
the plane of the drawing. 

^o^\ For controlling the entp-e apparatus there is 
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provided a system control uni/t 47, to which supplied 
are the outputs of the one/dimensional CCD 42 and of 
the photomultipliers 46^; 46b, and the output of the 
system control unit 47 is supplied to the galvanometric 
mirror 22 and the efptical path switching mirror 34. 

Fig * 15 shows the configuration of the sysi 
control unit 47, in which the output of the 
dimensional CCD 42 is connected in succession to an 
amplifier 50 and a sample hold circuit 51 ' of which 
output is connected to a peak hold/circuit 52 and an 
inverting buffer 53- The outputs of the peak hold 
circuit 52 and the invertiiybuffer 53 are connected to 
an addition circuit 54, d± which output is supplied to 
a low-pass filter 55. / The output thereof is connected 
to a peak hold circuit 56 and a division unit 57. The 
output of the peak hold circuit 56 is supplied through 
a sample holc^'circuit 58 to an A/D converter 59. 



The A/D converter 59 is connected, though a bus 
line, to an I/O interface 60, a memory/61, a MPU 62 and 
a D/A converter 63, and the output p4 the D/A converter 
63 is connected to a differentiation circuit 64, and, 
through a zero-cross comparison unit 65, to a vessel 
position calculating unit &6 , which also receives the 
output of the I/O interface 60 and of which output is 
connected through a galvanometric mirror control unit 
67 to the galvanometric mirror 22. 

jT^~| Also the output of a^iock pulse generator 68 is 
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connected to the MPU 62 and a/timing generator 69, of 
which output is connected yta the one-dimensional CCD 
42, the sample hold cipbuits 51 r 58, the peak hold 
circuits 52, 56 and/the division unit 57. Also the 
output of the 1/0 interface 60 is connected to the 
optical path switching mirror 34, and the output of an 
input unit /70 is connected to the I/O interface 60. A 
movable it(ask drive circuit 84 is connected to a movable 
mask &2 . 

A vessel region extracting unit is constituted by 
the amplifier 50, sample hold circuits 51< 58, peak 
hold circuits 52, 56, inverting buffejr 53, addition 
circuit 54, division unit 57 and differentiation 
circuit 64, and an AGC (automatic gain control) unit 72 
is constituted by the peak hefld circuit 56, division 
unit 57 and sample hold circuit 58. Also a process 
condition determination* unit 73 is constituted by the 
A/D converter 59, I/O interface 60, memory 61, MPU 62 
and D/A converter/63, and an auto tracking control unit 
74 is constituted by the zero-cross comparison unit 65, 
vessel position calculation unit 66, and galvanometric 
mirror control unit 67. 

Fig- 16 shows the arrangement of the light beams 
on the pupil Ep of the eye to be examined E, including 
an area I illuminated with the yellow illuminating 
light and corresponding to an image of the ring slit 5, 
an eye fundus observing light beam 0 showing an image 
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of the aperture of the holed mirror 11, a 
measuring /received light beam V showing an image of the 
effective area of the upper and lower reflective faces 
of the galvanometric mirror 22, and two received 
5 measuring light beams Da, Db showing images of the 

paired mirrors 45a, 45b, There are also shown entrance 
positions P2, P2 1 of the measuring light, selected by 
the switching of the optical path switching mirror 34, 
and a chain-lined area M indicating an image of the 
10 lower reflective face 22a of the galvanometric mirror 
22. 

^/j^ The white light emitted from the observing li^frt 
source 1 is transmitted by the condenser lens 3^ Then 
the light of yellow wavelength region only 

15 transmitted by the field lens 4 with the/oand-pass 

filter, is further transmitted by the/Ting slit 5, the 
light shield member 6 and the relay lens 7, illuminates 
the transmissive liquid crystal/panel 8 from the rear 
side, is further transmitted /by the relay lens 9 and 

20 the light shield member 10< and is reflected by the 
holed mirror 11. Thus the light of the yellow 
wavelength region only is transmitted by the band-pass 
mirror 12 and the objective lens 2 and is focused as an 
image I of the eye fundus illuminating light beam on 

25 the pupil Ep o*t the eye to be examined E, thus 
uniformly il/Luminating the eye fundus Ea. 
^uiu] In this state the transmissive liquid crystal 
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panel 8 displays a fixation target which/Ls projected 
by the illuminating light onto the ey^undus Ea of the 
eye to be examined E and is presented thereto as an 
fixation target image. The li^Kt shield members 6, 10 
serve to separate the eye f^ihdus illuminating light and 
the eye fundus observing/light at the front eye region 
of the eye to be examined E, and the shape of these 
components is not o/itical as long as suitable light 
shielding area can be formed. 

The light reflected by the eye fupdus Ea returns 
the same optical path and is takerydut, from the pupil 
Ep, as an eye fundus observing laght beam, which is 
guided through the central h£)le of the holed mirror 11, 
the focusing lens 13 and/the relay lens 14, is then 
focused as an eye fundus image Ea' by the scale plate 
15 and reaches the /Optical path switching mirror 16. 

When the optical path switching mirror 16 is 
retracted from the optical path, the observing eye e 
can observe the eye fundus image Ea 1 through the eye 
piece lens 17, but, when the optical path switching 
mirror 16 is inserted into the optical path, the eye 
fundus image Ea' focused on the scale plate 15 is 
refocused on the CCD camera 19 through the television 
relay lens 18 and is displayed on the liquid crystal 
monitor 20. The alignment of the apparatus is made 
under the observation of the eye fundus image Ea' 
either through the eyepiece lens 17 or the liquid 
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crystal monitor 20. 

The measuring light, emitted from the laser diode 
36, is collimated by the coliimating lens 35 and, if 
the optical path switching mirror 34 is inserted in the 
optical path, is reflected by this mirror 34 and the 
fixed mirror 33 to pass through the lower part of 
condenser lens 30, but, if the optical path switching 
mirror 34 is retracted from the optical path, it 
directly passes through the upper part of condenser 
lens 30, thus being transmitted by the dichroic mirror 
29. 

^°J^I° n the other hand, the tracking^* ght emitted from 
the tracking light source 38 is expanded in beam 
diameter with different magnifications in the vertical 

15 and horizontal directions by^ the beam expander 37, then 
is reflected by the mirrof 32, is shaped into a desired 
shape by the shaping rn^sk 31, further reflected by the 
dichroic mirror 29 stad is superposed by the condenser 
lens 30 with the /Measuring light which is focused into 

20 a spot at a position conjugate with the center of the 
aperture of l:he mask 31. 

The measurin 9 1:L S ht: and the^zfacking light 
mutually superposed are transmitted by the lens 24, 
reflected by the upper reactive face 22b of the 

25 galvanometric mirror 22< transmitted by the black spot 
plate 27, reflected/by the concave mirror 28, again 
transmitted by tKe black spot plate 27 and the optical 
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path length correcting semicircular plate 26, and is 
returned toward the galyanometric mirror 22. 
$^\ \ By the function of the relay optical system whi^ih 
is positioned above the galvanometric mirror 22 and 
5 which forms the image of the upper reflect ive/face 22b 
and the lower reflective face 22a of the g^tlvanometric 
mirror 22 with a magnification of -1, trie measuring 
light and the tracking light, reflected at either 
position P or P 1 located as shown/in Fig. 16 at the 
10 rear side of the image M of dichroic mirror 22, are 

returned to a position P2 odr P2 1 corresponding to the 
recessed portion of the /galvanometric mirror 22, thus 
being directed to the/image rotator 21 without being 
reflected by the galvanometric mirror 22. After 
15 passing the imagfe rotator 21, the measuring light and 
the tracking yiight are deflected by the band-pass 
filter 12 toward the objective lens 2 and projected 
onto the/eye fundus Ea of the eye to be examined E. 
^^Thus the measuring light and th^ tracking light 
20 are reflected by the upper reflepl£ive face 22b of the 
galvanometric mirror 22, and/in the returning path, 
they enter the galvanometric mirror 22 in a state 
deviated from the optical axis of the objective lens 2, 
whereby these ligfrcs are focused as a spot image P2 or 
25 P2' on the punH Ep as shown in Fig. 3 and illuminates 
the eye fupus Ea in a spot shape. 

The light scattered and reflected at the eye 
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fundus Ea is condensed by the objective lens 2, then 
reflected by the band-pass filter/12, transmitted by 
the image rotator 21, reflectej/by the lower reflective 
face 22a of the galvanometric mirror 22, and 
transmitted by the second/focusing lens 23, and the 
measuring light and th^T tracking light are separated by 
the dichroic mirror/99. The tracking light is 
transmitted by th6 dichroic mirror 39, and is focused 
by the field l^ns 40 and the imaging lens 41 on the 
one-dimensional CCD 42. 



uJ^^ A pa*4 of the measuring and tracking ligh)?£ 
scattered and reflected on the eye fundus E^fis 
transmitted by the band-pass mirror 32 a*<d guided to 
-the eye fundus observing optical system positioned 
behind the holed mirror 11, wherein the tracking light 
is focused on the scale plate 2& as a rod-shaped 
indicator T while the measuring light is focused as a 
spot at the center of < the indicator T. These images 
can be observed, together with the eye fundus image Ea • 
and the fixation tafget image, through the eyepiece 
lens 17 or the liquid crystal monitor 20. In this 
state an unrepresented spot image is superposed at the 
center of the indicator T, which can be moved one- 
dimensio^ally on the eye fundus Ea by an operation 
member/such as the operation rod of the input unit 70. 

At first the examiner executes focusing of the eye 
fundus image Ea 1 . By the adjustment of a focusing knob 
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of the input means 70, the transmissive liquid crystal 
panel 8, the focusing lenses 13, 23 and the focusing 
unit 25 are moved in mutual linkage, by unrepresented 
drive means, along the optical axis. When the eye 
fundus image Ea' is focused, all the transmissive 
liquid crystal panel 8, the scale plate 15, the one- 
dimensional CCD 42 and the confocal diaphragm 44 become 
conjugate with the eye fundus Ea, Observing the focus 
state on the eye fundus image Ea 1 , the examiner sets 
the depth of the vessel Ev to be measured, and executes 
focusing of the eye fundus image Ea ' . 



^(^lP^I After the focusing operation, the examiner changes 
the observation area by guiding the visual axis of the 
eye to be examined E, and manipulates the input unit 70 
to move the target vessel Ev to /suitable position. 
The system control unit 47 drives a control circuit for 
controlling the transmissive liquid crystal panel 8 to 
move the fixation target image. Then the examiner 
manipulates the operation rod of the input unit 70 to 
rotate the indicator T in such a manner that it becomes 
perpendicular tfe the longitudinal direction of the 
target vessel Ev. The system control unit 47 drives a 
control circuit for controlling the image rotator 21, 
thereby/driving the image rotator 21 and rotating the 
indicator T . 



^^W^l After confirming the tracking, the examiner 
presses in the measuring/switch of the input unit 70 to 
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initiate the measurement. The measurijxg light is 
reflected by the dichroic mirror 39< then transmitted 
through the aperture of the confocal diaphragm 44, 
reflected by the paired mirrors 45a, 45b and received 
5 by the photomultipliers 4^fa, 46b, of which outputs are 
supplied to the system/control unit 47 and are 
subjected to frequency analysis to determine the blood 
flow velocity on >the eye fundus Ea. 
rj In case vessels Ev are absent around the vessel 

\r| io Evl to be tracked as shown in Fig. 17, in response to 

1 1 1 

y the start of the tracking operation by the examiner, 

J. x 

j. 9 l the vessel image Ev' taken by the one-dimensional CCD 

b 

~" 42 is read at a timing generated by the timing 

generator 69 and is amplified by the amplifier 50. The 
\\* 15 output signal thereof is subjected to sample holding in 
W the sample hold circuit 51 at a timing generated by the 

timing generator 69 . Since the portion of the vessel 
Ev is dark while the surrounding area is light, the 
output signal assumes a form as shown in Fig. 18D, 
20 wherein a portion of the high output level indicates a 
light region. 

The output signal of the sample hold circuit 51 is 
entered into the peak hold circuit 52, which executes 
peak holding only during an L- level period generated by 
25 the timing generator 69 as shown in Fig. 18A, but 

merely transmits the input signal in other periods. 
The output of the peak hold circuit 52 and a signal 
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obtained by inverting, by the inverting buffer 53, the 
output of the sample hold circuit 51 are supplied to 
and added in the addition circuit 54 whereby a vessel 
image signal alone is extracted as shown in Fig. 18E. 
5 The output of the addition circuit 54 is supplied to 

the low-pass filter 55 to eliminate the high frequency 
components as shown in Fig. 18G. 

5c^^\| The out P u1: of low-pass filter is supplied to 

the peak hold circuit 56, which executes oe*ak holding 

10 only during an L-level period as shown/in Fig. 18B for 
supply to the sample hold circuit SB. The sample hold 
circuit 58 executes a sampling ^^peration in an L-level 
period as shown in Fig. 18C/and a holding operation in 
an H-level period. The output signal of the sample 

15 hold circuit 58 is shpwn, together with the output 

signal of the low-pass filter 55, in Fig. 18F, and is 
entered into the^A/D converter 59 for conversion into 
digital dataTwhich are processed in the MPU 62 and 
released t/om the D/A converter 63 as an AGC gain for 

20 vessel ffosition detection in the next sampling cycle. 

Figs. 18A to 181 show the signal wave forms in 
case the signal level entered from the MPU 62 to the 
A/D converter 59 is set to the D/A converter 63. The 
output wave form thereof is supplied as the AGC gain 

25 for the vessel position detection while that of the 

low-pass filter 55 is supplied as the tracking signal, 
to the division unit 57, which executes a calculation 
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(output signal of low-pass filter 55) + (output signal 
of D/A converter 63) and executes auto gain control for 
the vessel position detection by the sampling of a 
period A on the signal of the vessel to be tracked. 

ffc^The OUtput si 9 na1 ' shown in Fi 9- 18H * of 
division unit 57 is differentiated by the 
differentiation circuit 64, of which outoxft is entered 
into the zero-cross comparison unit 65/and is compared 
therein with ca. 0 V. The obtained/signal is outputted 
as the vessel position signal shdwn in Fig. 181. This 
vessel position signal is compared, in the vessel 
position calculation unit/66, with a tracking center 
position signal outputted from the I/O interface 60, 
thereby outputting ttfe amount of displacement of the 
vessel closest to /the center of tracking, to the 
galvanometric mirror control unit 67, which in response 
drives the galvanometric mirror 22 so as to compensate 
this amouprt of displacement. 
^Jp^J In the following there will be explaine^/ with 
reference to output wave forms shown in RaTgs. 20A to 
201, a case where a vessel Ev3 of a higher contrast is 
present around a vessel Ev2 to b^tracked, as shown in 
Fig. 19. If the signal levej/entered from the MPU 62 
to the A/D converter 59 is entered, without change, to 
the D/A converter 63, /the displacement amount d from 
the tracking centeaf of the vessel Ev2 is smaller than 
the displacement amount d' from the tracking center of 
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the vessel Ev3 in a sampling cycle n = 0, sd that the 



vessel position calculation unit 66 outputs the 
displacement amount d of the vessel/closest to the 
tracking center, to the galvanoraetric mirror control 
unit 67, which drives the ga^vanometric mirror 22 so as 
to compensate this displacement amount d, whereby, in a 
sampling cycle n = ly*he image of the vessel Ev2 is 
taken at the approximate center of tracking. 

[in a sampling cycle n = 1, however, the AGC^or 



ft* • / 
the vessel position detection is controlled wirth a gain 

based on the vessel Ev3, whereby the signal of the 

vessel Ev2 is normalized to a small va^de as shown in 

Fig. 20H and the output of the zero^fcross comparison 

unit 65 becomes unstable. On the' other hand, the image 

signal of the vessel Ev3 is given appropriate AGC, 

whereby the output of the z/ro-cross comparison unit 65 

becomes stable. Consequently the vessel position 

calculation unit 66 ma/ judge the vessel position 

signal of the vessel Ev3 as the displacement amount of 

the vessel closest to the tracking center whereby the 

tracking opera/ion may be applied to the vessel Ev3. 

In order to prevent such phenomenon, the MPU 62 

executes a process according to a flow chart shown in 

Fig. 21. A step SI discriminates if the tracking mode 

is selected, and, if selected, a step S2 executes 

conversion of the image signal from the sample hold 

circuit 51 into digital data, then executes wave form 
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analysis by the MPU 62 and calculates the diameter of 
the vessel closest to the tracking center in the 
sampling cycle n = 0. 



9^ 0 \ I Then, in a step S3, the MPU 62 outputs/a signal 
for varying according to thus calculated/vessel 
diameter, the peak hold period of the/peak hold circuit 
56, indicating the effective AGC r^rhge of the AGC unit 
72 for the vessel position detejzxion, to the timing 
generator 69 through the 1/0/lnterf ace 60, thereby 
varying the peak hold per^6d from A to B as shown in 
Figs. 22A to 221. In the present embodiment, the 
effective AGC range yfor the vessel position detection 
is so varied that/the peak hold period becomes about 
twice of the vessel diameter. 



sampling cycles n = 3 to 5, succeeding y& the sampling 
cycle n = 2 shown in Figs. 22A to 221/ Figs. 23A to 
23 J show a case in which the tracking is disturbed by 
an external perturbation in the/sampling cycle n = 4, 
and the image signal of the Vessel Ev3 is introduced in 
the effective AGC range for the vessel position 
detection, namely in the period B. In the sampling 
cycle n = 4, as showr/ in Fig. 23G, a part of the image 
signal of the vessel Ev3 is retained by the sample hold 
circuit 58, and/entered into the A/D converter 59 
whereby the AGC gain for the vessel position detection 
in the samizaing cycle n = 5 is outputted from the D/A 





Figs. 23A to 23 J show the wave forms ip^the 
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converter 63. The AGC gain fp*<the vessel position 
detection in the samplingx^cle n = 5 assumes a value 
I/Va which is smallej^-^than the gain I/Vb required for 
applying appropriate AGC to the vessel Ev2, so that the 
output signal/for the vessel Ev2 from the zero-cross 
comparison/unit 65 becomes unstable as shown in Fig 
231. 

^jj^Therefore, the MPU 62 executes a process acceding 
to a flow chart shown in Fig. 24. A step S10 / 
discriminates whether the tracking mode is selected, 
and, if selected, a step Sll resets a colter for 
determining the number of samplings of/the signal level 
outputted from the sample hold circuit 58. If the 
number of samplings does not exceed a predetermined 
value, a step S12 discriminate^ whether the sampling 
operation of the sample hold/ circuit 58 has been 
terminated, and, if terminated, a step S13 so sets the 
D/A converter 63 that tne output signal of the sample 
hold circuit 58 is oytputted without change, and a step 
S14 stores the output signal level of the sample hold 
circuit 58 in the memory 61. If steps S15, S16 
identify that /the number of samplings has reached a 
predetermined value, a step S17 calculates the average 
of the output signals from the sample hold circuit 58 
and a stfep SI 8 so sets the D/A converter 63 as to 
outpuyt such average value. 

the present embodiment, the predetermined value 
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is selected as n = 3, and, in the sampling cycles A « 0 
to n = 3, the output signal of the sample hold/Circuit 
58 is outputted without change, as shown in/Figs. 22A 
to 221 and 23A to 23 J, for applying AGC^br the vessel 
position detection. In the sampling/Cycle n = 4 or 
subsequent cycles, the AGC gain supplied to the 
division unit 57 is fixed at l^Vb which is average of 
the sampling cycles n = 1 tc/n = 3. Even if the 
tracking is disturbed by An external perturbation in 
10 the sampling cycle n =/4 to include the image signal of 
the vessel Ev3 in ttte effective AGC range for the 
vessel position detection, namely in the period B, the 
output signal /for the vessel Ev2 from the zero-cross 
comparison *mit 65 in the sampling cycle n = 5 is 
15 stabilized as shown in Fig. 23 J so that the tracking 
operation becomes stable. 

^?^^Fig. 25 shows another embodiment, which 
different from the first embodiment in tha^C in the 
focusing unit 25, a half mirror 80 is ^ptovided between 
the dichroic mirror 29 and the condenser lens 30 and 
that, at the entrance side of t^ half mirror 80, there 
are provided a relay lens 81/ a movable mask 82 
provided in a position substantially conjugate with the 
mask 31 and indicating [/the AGC range for the vessel 
25 position detection, y/nd an LED light source 83 emitting 
red light. Also *4ie output of the I/O interface 60 of 
the process condition determination unit 73 shown in 
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Fig. 15 is supplied to a movable mask dr^e circuit 84 
for controlling the movable mask 82./ Dther 
configurations are same as those/in the first 
embodiment, and components eozfxvalent to those in the 
first embodiment are indicated by same numbers therein. 

An image of the movable mask 82 is projected, as 
an index mark J as shown in Fig. 26, onto the eye 
fundus Ea of the eye to be examined E. This index mark 
J indicates the effective AGC range for the vessel 
position detection. 

^l^\ The examiner observes the state of the eye ^J^ aus 
image Ev' shown in Fig. 27, and, if the tracki^ 
operation is judged difficult for example fefecause the 
vessel to be tracked has a low contrast/ Dr is thin, the 
examiner manipulates the input unit/70 to manually 
change the effective AGC range f^r the tracking 
operation. This inf ormatioryls supplied through the 
I/O interface 60 to the M^U 62, which in response 
varies the peak hold period of the peak hold circuit 
56, representing the^ effective AGC range for the vessel 
position detection, thereby controlling the movable 
mask drive circuit 84 to move the movable mask 82, 
whereby the iridex mark J or the image of the movable 
mask 82 is/moved as indicated by an arrow in Fig. 26. 

Also, in case of automatic^ change of the AGC range 



of the tracking operation in/the first embodiment, the 
index mark J may be projected onto the eye fundus Ea o£ 
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the eye to be examine^ E . In this case the index mark 
J moves in linkage/with the AGC range of the tracking 
operation. It ±s also possible to combine the 
conf iguratiopT of the first embodiment for automatic 
change anjx that of the second embodiment for manual 
change 

explained in the foregoing, the opht^lmic 
" ^ - - inver 



inspecting apparatus of the present inverrtion is 
capable of executing an AGC process f6r the vessel 
10 position detection in range narrower than the effective 
range of the tracking light aptd a wave form processing 
for normalizing the vessel/image signal, by determining 
the processing conditio/ based on the signal in the 
vicinity of the specified region and extracting the 
15 specified region fbr automatic tracking, whereby the, 

tracking operation can be achieved in stable manner on 
a thin vessej 

^Joj^Also the ophthalmic inspecting apparatus of the 
present invention is capable, by determining the 
20 processing condition based on the signal in the 

vicinity of the specified region, ^displaying the result 
on display means and extractinq/the specified region 
for automatic tracking, of varying effective AGC 

range for the vessel position detection in the tracking 
25 operation of the vessel An the eye to be examined, 
whereby the tracking Operation can be achieved in 
stable manner even gin a vessel of a lower contrast when 
two vessels are positioned mutually close, 



